A first attempt to study the feasibility of an experiment to search for double beta decay in 124 Sn and 112 Sn was carried out by using ultra-low background
double beta decay, which is a rare second order transition involving two isobars.
Moreover, the double beta decay experiments have the potential to establish the absolute scale of the neutrino mass, to prove the hierarchy of neutrino mass, to test the existence of right-handed admixtures in the weak interaction, and to test some other effects beyond the Standard Model. The 0(2)νββ decay can occur as :
(A, Z) → (A, Z − 2) + 2e
e − + (A, Z) → (A, Z − 2) + e + + (2ν e )
2e
Triggered by the important implication of neutrino mass, a new generation of experiments are aimed to observe 0νββ decay in various isotopes and with different experimental techniques [4] . Among the main experimental activities, we remind that recently three ββ experiments have published new experimental data: GERDA [5] , EXO-200 [6] and KamLAND-Zen [7] . GERDA is searching for 0νββ decay in 76 Ge while EXO-200 and KamLAND-Zen are looking for the decay in 136 Xe. Several other experiments are going through their R&D phase. These include CUORE ( 130 Te) [8] , SuperNEMO ( 82 Se) [9] , MAJORANA ( 76 Ge) [10] , SNO+ ( 150 Nd) [11] , NEXT ( 136 Xe) [12] etc.. Present experiments are sensitive to half-lives of the order of 10 25 years and a corresponding effective mass of the neutrino m ββ ∼ 100 meV [13] . Constrained by the uncertainties in the calculation of nuclear transition matrix elements [14] and by the g A value [15] that are used to determine m ββ as well as by the different background for different isotopes, it is essential to measure the half-life for 0νββ decay in several isotopes.
Although Sn was considered one of the potential candidates since the 1980s [16] , there have been only a few studies on Sn. It can be mentioned that one of the earliest attempts for the experimental study of double beta decay was done by Fireman [17] Sn to the excited states using γ -ray spectrometry. We will discuss in the last section also a possible enhancement of the sensitivity with a proposed experiment with larger mass to reach the half-life values estimated by theory. A coaxial closed-end n-type ultra low background HPGe (GeBer) γ detector (244 cm 3 ) was used for the measurement. The detector is in place in the Gran Sasso National Laboratory (LNGS) of the INFN, Italy, located underground at ≈ 3600 meters of water equivalent. The schematic diagram of the experimental setup is shown in Fig.1 . The physical dimensions of the detector are given in Table 1 . More details about the detector and the ultra low background setup can be found in [28] .
Experimental set-up and measurements
Monte-Carlo simulation of HPGe detector has been performed using the GEANT4 software library [29] . 
Results and Discussion

Efficiency of the detector
The FEP efficiency of the detector was simulated for the calibration point sources using Monte-Carlo cases based on the software libraries GEANT4 [29] and EGS [30] . Generally, the results of the Monte Carlo simulations deviate significantly (> 10%) from the experimental results [31] . The difference can be due to two reasons: the uncertainties associated with the detector shape parameters provided by the manufacturer or incomplete charge collection in the crystal during the measurement process. Therefore, to match the experimental efficiency values, the detector parameters and the dead layer thickness can be varied [31] . In the first step, the detector parameters provided by the manufacturer was used in the simulation (see 2nd column of Table 1 Table 2 and in Fig. 3 . In the latter case the FEP efficiencies have been divided by the branching ratios of the corresponding gammas. From Table 2 , we can see that for the optimized dead layer of the inner hole, thickness of 5.0 mm, the simulated efficiencies (for both EGS4 and GEANT4) are in very good agreement with the experimental results except for the very low energy region. The uncertainty is within 4%, which is quite reasonable considering the statistical fluctuations. However, at very low energy, difference is quite large. This could be due to the very small mean free path of γ rays at this energy scale. Therefore, some γ rays are absorbed before reaching the detector. The optimized parameters were then used to calculate the FEP efficiency for a volume source of dimensions equal to the tin sample used in the present work.
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Radioactive contamination in the sample
The sources of background radiations measured in an underground laboratory can be classified into several categories; environmental radioactivity including radon, gamma rays, neutrons from natural fission and from the (α,n) reaction, radioactive impurities in the detector and shielding materials and cosmic rays with relevant contributions from muons and neutrons [32, 33] . In the measured spectra, background components can be identified by their characteristic γ-emission peaks. The specific activities of the radioactive nuclei present in the natural tin sample were calculated with the formula: [28] 
where S s and S b denote the area under a peak in the sample and background spectra, respectively. The measurement time of the sample and background spectra are denoted by t s and t b , respectively. The mass of the sample is represented by m, η is the efficiency of the full-energy peak detection and i is the decay fraction of the γ ray which was obtained from National Nuclear Data Center (NNDC) [34] . Activities of the natural radioactivity sources present in the tin sample are listed in Table 3 . Activity limits are given at 90 % C. L.
according to the Feldman-Cousins method [35] .
Double beta decay study of 112,124 Sn
In the accumulated spectra with the tin sample, no peaks are observed which could be unambiguously attributed to the double beta decay processes of 
where N is the number of ββ-active nuclei, t is the measurement time in years and η is the FEP detection efficiency. The expression limS is the number of events of the effect searched for which can be excluded at a given confidence level (C. L.). All the limits reported in the present study are given at 90% C.
L.. The values of limS were calculated using the Feldman-Cousins procedure [35] . The detection efficiencies of the double beta processes in the tin isotopes were calculated using the GEANT4 software library [29] . The DECAY0 [36] event generator has been used to generate the initial kinematics of the particles.
Taking into account the isotopic composition of natural tin, the sample con- 
EC-EC decay of 112 Sn
In the 2ν EC-EC decay of 112 Sn to the ground state of 112 Cd, all the energy release is carried away by the neutrinos except for a very small amount emitted as X-rays. These X-rays lie below the energy threshold of the measurement apparatus. In case of the neutrino-less mode, bremsstrahlung γ quanta are emitted with an energy equal to
where i are electron binding energies of daughter nuclide, and E exe is the populated level energy of 112 Cd. The partial decay scheme of 112 Sn is shown in Fig. 4 [37] . For the transition to the excited state, the bremsstrahlung γ quanta are accompanied by γ rays emitted from nuclear deexcitation. We did not observe any peak with the expected energies for the EC-EC decay of 112 Sn. Only lower limits of half-lives are obtained using the Feldman-Cousins prescription [35] . The T 1/2 limits along with the γ energies and the corresponding detection efficiencies are shown in Table 4 . The results of the fit for different γ rays are shown in Fig. 6 .
β + EC processes in 112 Sn
The (0ν + 2ν)β + EC transition to the ground state of daughter nuclei is accompanied by two annihilation γ quanta with energy 511.0 keV. Moreover, the detector surroundings and the sample contains the radioisotope with the radioactive element 208 Tl which emits γ quanta of energy 510.8 keV. The measurements with and without the sample give count rates of (0.0549±0.0030) and (0.0424±0.0062) h −1 , respectively for the peak at 510.8 keV. So, this peak can be attributed to the background. Taking into account the FEP efficiency (η) of 7.58%, the lower limit of the (0ν + 2ν)β + EC transition to the ground state is 1.61×10 17 y.
In the case of the (0ν + 2ν)β + EC transition to the excited 2 + 1 (617.5 keV) states of 112 Cd, no peak has been observed. The limit on the half-life is reported in Table 4 . The theoretical T 1/2 is estimated to be very high because of the low phase space available for this transition. Fig. 5 [39] . No peak has been observed at 602.7 keV. Therefore, we only report the lower limits of the half-lives in Table 5 . The fits of the various energy windows together with the expected γ peaks are shown in Fig. 7 .
The overall result is that due to the small mass of the tin sample ( 13.3 g), the obtained limits are rather poor compared to the existing experimental data.
Therefore, it is certainly worthwhile to repeat the measurement with a larger sample, may be even enriched in the isotopes of interest, in order to obtain more stringent limits.
Double beta decay study with enhanced sensitivity
The sensitivity of a future experiment can be enhanced by either increasing the mass of the sample and the efficiency of the detector or by reducing the background. The efficiency of the detector depends on the position and the shape of the sample. The γ rays can undergo either self-attenuation loose in the sample itself or absorption in other interposed media. The intensity of the gamma ray decreases to half to its initial value passing through a thickness of a half-value layer (HVL). The HVL depends on the atomic number of the element and also on the energy of the γ ray. HVL for tin material at different γ-ray energies were calculated from the mass attenuation coefficients (µ/ρ) values at different energies taken from NIST data [41] .
Efficiencies of the detector were simulated for various sample thicknesses and different sample-detector distances. At a fixed γ ray energy, the efficiency decreases with an increasing thickness of the sample, and the number of double beta nuclei is getting bigger augmenting the mass of the sample. However, the product of the efficiency and the number of nuclei making the sample thicker.
Considering the geometry of the present HPGe detector, strips of tin of mass years for the decays to the excited levels. In India, an effort has been started to build up a bolometric Sn detector for experimental study of 0νββ decay in 124 Sn [43] . The experimental setup will be housed at upcoming India-based Neutrino Observatory site.
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